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Abstract: The magneto-impedance of the NiFe multilayer system is studied 
dependent on their multilayered structure. The multilayer structures of 
[NiFe/Cu] 4 and [NiFe/Cu]2 /Cu/[NiFe /Cu]2 on the meander structure PCB 
Cu substrate in this study were deposited using the electrodeposition method. 
The frequency was varied in order to determine its effect on the magneto-
impedance ratio. The results of the magneto-impedance characterization 
measurement showed that the maximum MI ratio in the multilayer 
[NiFe/Cu]4 structure was 6.82% while in [NiFe/Cu]2/Cu/[NiFe/Cu]2 was 
3.08% with a frequency of 100 kHz. The increase in the MI ratio in the low-
frequency range indicates that the MI ratio depends on the structure of the 
layer which is affected by the permeability of the magnetic material.  
Keyword: NiFe, Multilayer, magneto-impedance, low frequency 
1.  Introduction  
Magneto-impedance (MI) is defined as a phenomenon of the changes in the 
impedance of ac currents in magnetic materials as a result of the influence of external 
magnetic fields (Panina & Mohri, 1994). The MI effect is very suitable for use in 
magnetic sensor applications since it has a high sensitivity, even up to the pico-Tesla 
order (Delooze et al., 2005). In previous studies, by using a multilayer meander-
structure configuration, a large MI ratio that is highly sensitive to external magnetic 
fields is obtained at relatively low frequencies (Ismail et al., 2016; Prasetyo et al., 
2017). The spacer layer of non-magnetic (Cu, Ag) or semiconductor (Ta, MgO) 
materials are usually used in multilayered systems (Panina & Mohri, 2000). The 
presence of this non-magnetic or semiconductor layer produces an induced-biasing field 
between the magnetic layer so that the higher magnetoimpedance ratio realizes (Panina 
& Mohri, 2000; Zhou et al., 2008).  
The soft magnetic material with high permeability is suitable for the magneto-
impedance effect realization (Phan & Xh, 2008; García et al., 2016; Kikuchi et al., 
2019; Sayad et al., 2020).  The alloy of NiFe such kind Permalloy is a reliable one 
because it has superior magnetic properties such as high permeability, small 
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magnetostrictive coefficient, and low coercivity (Mishra et al., 2017; Chlenova et al., 
2017; Vasam  & Srinivas, 2020). 
In recent years many studies have been conducted to modify MI ratios with various 
physical parameter deposition as well as different methods. Meanwhile, this paper 
reports the dependence of the MI ratio on the addition of a spacer layer Cu on a 
multilayer [NiFe/Cu]. The low frequency of kHz order is used to evaluate the 
magnetoimpedance ratio at room temperature following the total impedance sample 
under various magnetic fields.  
2.  Experimental Methods  
In this study, multilayered system NiFe and Cu are deposited on a meander-structure 
PCB Cu substrate. An electrodeposition procedure is performed for the whole 
experiment. Electrodeposition is performed using Pt electrodes. Electrolyte solution 
separately uses for both Cu and NiFe deposition.  Firstly, the PCB Cu substrate was 
cleaned using an ultrasonic cleaner for 15 minutes following the electrodeposition 
process (Prasetyo et al., 2017). The electrolyte solution is used in the electrodeposition 
process for the NiFe layer consists of NiSO4.6H2O 0.099 M, FeSO4.7H2O 0.012 M, 
H3BO3 0.149 M, C6H8O3 0.002 M.  Whereas for the Cu layer, the electrolyte solution is 
used was CuSO4.5H2O 0.065 M and C6H8O3 0.002 M. 
The deposition process for NiFe on PCB Cu substrate is carried out using a current 
density of 15.5 mA/cm2. The next step was to coat Cu with a current density of 8 
mA/cm2. The electrodeposition process was repeated to obtain a multilayer layer (Fig. 
1). Figure 1 (a) shows a multilayer illustration of [NiFe/Cu] N with repeated deposition 
processes up to N = 4, later namely sample A. Meanwhile, Figure 1(b) shows the 
multilayer [NiFe/Cu]4 when the Cu spacer layer is inserted so that it changes to 
[NiFe/Cu]2/Cu/[NiFe/Cu]2 namely sample B. The electrodeposition process was carried 









Figure 1. Schematic of multilayer structures (a) [NiFe/Cu]N and (b) 
[NiFe/Cu]N/Cu/[NiFe/Cu]N on PCB Cu substrate 
The obtained multilayer sample is then evaluated for its magneto-impedance 
characterization. Impedance measurements were carried out using the Instek GW LCR 
819 meter to obtain the resistance (R), capacitance (C), and inductance (L) for 
individual change in the external magnetic field (H). The measured impedance value is 
the total impedance of the real component (R) and the imaginary component (X). 
Journal of Physics: Theories and Applications E-ISSN: 2549-7324  /  P-ISSN: 2549-7316    
J. Phys.: Theor. Appl.  Vol. 4 No. 1 (2020) 29-35 doi: 10.20961/jphystheor-appl.v4i1.44694 
 
V. Oktarina, C. T. Putra, A. D. Sutomo, Utari, B. Purnama  31 
 
Magneto-impedance measurements are carried out by flowing AC and varying the 
frequency range of 20-100 kHz. The magneto-impedance measurement scheme is 
shown in Figure 2. The change in impedance (Z) when given an external magnetic field 
(H) known as the MI ratio is calculated using Equation 1. The process of measuring 







× 100% (1) 
 
Figure 2. Schematic diagram of the magnetoimpedance measurement 















Figure 3. The magnetoimpedance of MI−H curve for sample A of multilayered 
[NiFe/Cu]4 and sample B of multilayered [NiFe/Cu]2/Cu/[NiFe/Cu]2 
Figures 3(a) and (b) show the curve of the MI ratio (∆Z/Z) as a function of the 
magnetic field, i.e. sample A of [NiFe/Cu]4 and sample B of [NiFe/Cu]2/Cu/[NiFe/Cu]2 
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multilayered structure, respectively. The MI measurement is performed at room 
temperature for frequencies in the 20−100 kHz range.  It can be seen that the typical MI 
curve is obtained.  For the whole, the variation of the frequency measurement, sample A 
owing higher MI ratio compares to sample B.  It is suggested that two multilayered 
systems of the [NiFe/Cu]2 significantly hold back a bias field over to Cu spacer, which 
reflects a lower MI ratio.    
In the case of sample A, at the lowest frequency (20 kHz), the MI ratio of 0.019% is 
obtained, then the MI ratio changes to 0.26%, 1.79%, and 6.82% for the frequency of 40 
kHz, 66.67 kHz, 6.82% respectively. Sample B also shows a similar change in the MI 
ratio.  The MI ratios are obtained 0.006%, 0.26%, 0.72%, and 3.08% for frequencies 
measurement of 20 kHz, 40 kHz, 66.67 kHz, and 100 kHz, respectively. The change in 
the amount of the MI ratio obtained when the frequency variation is carried out is due to 
the skin depth value. With an increase in frequency, the skin depth is getting smaller, 
and the magnitude of the MI ratio which being more dominant influenced by the 
permeability and thickness of the material (Phan & Xh, 2008). In addition, an increase 
in frequency will affect the change in reactance. In the low frequency 
magnetoimpedance effect measurement, increasing the reactance magnitude will 
increase of the MI ratio (Feng et al., 2020). This is consistent with the results of 
previous studies regarding the relationship between MI ratio and frequency (Vasam & 
Srinivas, 2020; Zhukov et al., 2020). 
 
Figure 4. The comparison of the MI ratio in the sample A of the multilayer structure 
[NiFe/Cu]4 and the sample B of [NiFe/Cu]2/Cu/[NiFe/Cu]2 (a) with a frequency 
measurement of 100 kHz.  (b) The MI ratio versus frequencies of 20, 40, 66.67, 100 
kHz 
The comparison between the sample A and B can be seen in Figure 4. The results 
show that the multilayer structure sample A produces a higher MI ratio compared to the 
structure multilayer sample B as depicted in Fig. 4 (a) i.e. MI ratio sample A of 6.82% 
and sample B of 3.08%.  Other expressions of the comparison MI ratio as shown in Fig 
4(b).   This is explained as follows.  When the Cu layer is inserted into the multilayer 
[NiFe/Cu]4 structure so that it changes to [NiFe/Cu]2/Cu/[NiFe/Cu]2, the value of the MI 
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ratio will decrease.  The bias field between individual multilayered system become 
smaller because it is blocked by Cu spacer layer. It is expected the permeability 
becomes smaller and realize as a smaller magnetoimpedance ratio.  Other, the difference 
in resistance between magnetic and non-magnetic layers also another factor (Panina & 
Mohri, 2000). When Cu is inserted, the non-magnetic layer (Cu) is thicker. Increasing 
the thickness of the Cu layer will reduce the resistance of the magnetic layer and the 
inductance which then decreases. In a multilayer structure, the decrease in inductance 
will affect the decrease of the MI ratio (Feng et al., 2020). 
 
Figure 5. Comparison of the sensitivity to frequency measurements in the sample A of 
the multilayer [NiFe/Cu]4 and the sample B of the [NiFe/Cu]2/Cu/[NiFe/Cu]2. 




where ∆𝐻 is the full width at half the maximum height of the MI ratio curve is depicted 
at Fig 5 for both sample A of the multilayered [NiFe/Cu]4 and the sample B of the 
multilayered [NiFe/Cu]2/Cu/[NiFe/Cu]2.  The sensitivity value increases with increasing 
frequency values consistent to the MI ratio. The highest sensitivity of 0.5271%/mT  is 
obtained for sample A for frequency measurement of 100 kHz. From Figure 5, it can be 
seen that the sensitivity of the magneto-impedance sensor increases as the magneto-
impedance ratio value (Knobel et al., 2003). 
4.  Conclusions  
Magneto-impedance characterization of NiFe thin films with multilayer structures of 
[NiFe/Cu]4 and [NiFe/Cu]2/Cu/[NiFe]2 resulted from electrodeposition. The layer 
structure greatly affects the increase in the MI ratio. The maximum MI ratio was 
obtained for the [NiFe/Cu]4 structure. This indicates that the induce bias field between 
layer system plays an important role in the magneto impedance MI ratio. The magneto-
impedance sensitivity magnitude is increase consistent with an increase in the magneto-
impedance ratio. 
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